The design and performance of an easily constructed spectroelectrochemical cell suitable for batch and flow injection measurements are described. The cell is fabricated from a commercially available 5 mm quartz cuvet and employs 60 ppi reticulated vitreous carbon as the working electrode, resulting in a reasonable compromise between optical sensitivity and thin layer electrochemical behavior. The spectroelectrochemical traits of the cell in both batch and flow modes were evaluated using aqueous ferricyanide and compare favorably to those reported previously for similar cells.
INTRODUCTION
Since their introduction nearly forty years ago, 1 spectroelectrochemical (SEC) techniques have been extensively applied to fundamental studies of electrode processes and related phenomena. 2, 3 These techniques have been less frequently employed for purely analytical purposes, i.e., measurement of analyte concentration, such applications being motivated primarily by the enhanced selectivity associated with control of the electrolysis potential. The most recent addition to the body of work in this area has been a series of articles by Heineman et al. describing various analytical aspects of an SEC sensor employing a surface modified optically transparent electrode and attenuated total reflectance sampling. 4 Analytical applications of SEC techniques are facilitated by rugged cells of adequate optical sensitivity and thin layer electrochemical behavior that permit rapid, reproducible measurements.
Related to the authors' ongoing work in developing SEC assays for clinical and environmental applications, efforts have been directed toward designing such a cell that both facilitates the numerous replicate measurements associated with analytical method development and achieves the high sample throughput generally desired in method application. Proven most appropriate to these design objectives has been a cell with a reticulated vitreous carbon (RVC) working electrode that may be either syringe filled with sample (batch mode) or used as a detector in flow injection analysis. First used as an optically transparent electrode (OTE) by Norvell and Mamantov, 5 RVC has become widely recognized as a versatile working electrode material. It is readily available and inexpensive, and its porosity and thickness may be selected to yield a suitable compromise between optical and electrochemical characteristics. 6 Though numerous reports on the use of RVC electrodes in various flow electrolysis applications have been published, 7-15 only a few have entailed SEC measurements 8, 9, 11 and just one of these 9 involved use of the RVC as an OTE (the others employed downstream optical sampling).
Described here are the design and characteristics of an RVC-SEC cell that may be used for both flow injection and batch measurements. The cell is easily constructed without machining, glassworking or epoxies, employs paraffin wax film as gasket material, and may typically be used for hundreds of sample analyses before leakage or clogging requires its reassembly. Results of measurements using aqueous ferricyanide are presented that demonstrate the cell's favorable analytical characteristics in both batch and flow injection modes.
EXPERIMENTAL
Reagents. Reagent grade potassium nitrate and potassium ferricyanide were used as received from Fisher Scientific. Solutions were prepared using distilled water, stored under refrigeration, and typically used within three days of preparation.
Cell Construction. holes using a flexible steel C-clamp and two nut/bolt assemblies. After finger tightening the clamp, water was pumped through the cell as the clamp was further tightened until there was no evidence of leakage. Bubbles trapped within the pores of the RVC were removed by dissolution in thoroughly degassed water that was pumped through the cell for a few hours, and care was taken to avoid reintroduction of air during subsequent use of the cell.
Instrumentation. Electrochemical measurements were performed using either a BioAnalytical
Systems CV-50W volatmmetric analyzer or a BAS CV-27 voltammograph. Spectroscopic measurements were made with a Sciencetech modular spectrophotometer configured for transmittance sampling with a water-cooled 75 W xenon lamp, 1200 lines/mm grating monochromator, and a multialkaline PMT detector (Hamamatsu model R508). A Perkin-Elmer series 10 HPLC pump and a Rheodyne model 7010 loop injector (0.1 mL sample loop) were used for flow measurements. 
where A ox and A red are absorbances measured with the working electrode potential at 600 mV and -200 mV, respectively. Since a ferro << a ferri at 420 nm, 19 the above relation simplifies to
Using the data from Figure 4 , conversions were computed as percentages and plotted against flow rate, yielding the curve shown in the lower half of Figure 4 . The expected increase in conversion with decreasing flow rate is observed, a result of longer analyte residence times within the porous cathode at slower flow rates. 14 An interesting flow dynamic is exhibited by the cell as seen upon examination of the peaks measured at 600 mV, i.e., those unaffected by electrolysis. As the expected result of diffusional broadening, increased peak widths and decreased peak heights accompany a decrease in flow rate over the range of roughly 9 mL/min (additional data not shown) to 2 mL/min. Peak widths continue to increase as the flow rate is slowed further, but the trend in peak heights is reversed as illustrated by the signals measured at 2, 1 and 0.5 mL/min. This behavior may result from decreased convective mixing of the sample band (see above discussion) entering the porous RVC at lower flow rates, a behavior consistent with previous reports of a change in flow characteristics observed in similar cells at flow rates near 2 mL/min.
14, 15
CONCLUSIONS
In summary, a cell suitable for both batch and flow injection SEC measurements has been 
and are given in the Table. Regarding the inferior dispersion and detection limit parameters estimated for the present cell, it is important to note that these quantities were determined for spectral observation near the downstream edge of the OTE. This location was selected in order to maximize conversion efficiency, which increases with distance traveled by the solute through the electrode. 14 Unfortunately, dispersion also increases with solute travel distance, hence the optimal observation point will be that for which the R/D ratio is maximal, not necessarily that corresponding to maximal R. Since both conversion and 9 dispersion vary with flow rate, the optimal observation point will likewise be flow rate dependent. A further advantage to the present cell design in this context is thus the ability to vary continuously the source beam position along the flow axis from the upstream to downstream edges of the OTE, allowing one to optimize sensitivity for a given set of experimental conditions.
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